Late onset congenital adrenal hyperplasia (LO CAH) can be seen in association with polycystic ovary syndrome (PCOS) or idiopathic hirsutism (IH). The study aimed to find out the prevalence of LO CAH in Central Anatolia among hirsute women. Sixty-three patients with hirsutism were evaluated to determine the frequency of LO CAH by comparing them with their age and body mass index matched 28 healthy controls. Of those 63 hirsute women, 43 were diagnosed as PCOS, and 20 were diagnosed as IH. Following basal hormonal evaluation, all subjects underwent ACTH stimulation test and ACTH stimulated 17-hydroxyprogesterone (17-OH P), 11-desoxycortisol (11-DOC), cortisol (F), and dehydroepiandrosterone sulfate (DHEA-S) levels were determined in all subjects. ACTH stimulated 17-OH P, 11-DOC, and DHEA-S levels did not differ between groups. However, stimulated F levels were found to be higher in hirsute women (p<0.001). Six out of 63 (9.52%) patients with hirsutism met the criterion for 21 hydroxylase deficiency. We found no subject presumed to have 11-b hydroxylase deficiency, but one subject in control group (3.57%) and two patients among PCOS subjects (4.65%) had exaggerated DHEA-S response which was suggestive of mild 3-b hydroxysteroid dehydrogenase deficiency. In conclusion, the most frequent form of LO CAH seems to be due to 21 OH deficiency among women with PCOS and IH in Central Anatolia. Mild 3-b HSD deficiency may also be an underlying cause for hirsutism and it may be seen without any clinical presentation. Adrenal hyperactivity is likely to be the main reason of hyperandrogenemia in women with hirsutism.
LATE-ONSET congenital adrenal hyperplasia (LO CAH) is a cause of a spectrum of clinical manifestations of postnatal androgen excess [1] . However, because of the lack of an appropriate diagnostic test, women with the common complaints due to hyperandrogenemia, like hirsutism, oligoamenorrhea, acne etc. can easily be diagnosed as polycystic ovary syndrome (PCOS) or sometimes as idiopathic hirsutism (IH) when androgen levels are in normal ranges and if the woman has normal ovulatory cycles. Recent studies suggest that PCOS may develop in association with conditions with clearly defined adrenal androgen overproduction [2] , like congenital adrenal hyperplasia [3] . Polycystic ovaries have been shown frequently in patients with late onset 21 hydroxylase (21 OH) deficiency [3, 4] , 11-b hydroxylase (11-b OH) deficiency [5] , and 3-b hydroxysteroid dehydrogenase (3-b HSD) deficiency [6] . All these forms of CAH have higher incidence in Middle East, among Jews and Arabs [7, 8] .
The prevalence of LO CAH varies according to studied population. For example, Cobin et al. and Benjamin et al. reported the frequency of 21 OH deficiency in women with PCOS as 1% and 19% respectively [9, 10] . Azziz et al. found the prevalence of 11-b OH deficiency 0.8% in hyperandrogenism [11] , but Şahin et al. found its prevalence as high as 8 .4% among 83 women with PCOS in Turkey [12] . In another study, Azziz et al. pointed that 3-b HSD deficient LO CAH is also a rare condition in patients with hirsutism or hyperandrogenic oligomenorrhea [13] . On the contrary, Solyom et al. showed that 4/33 (12.12%) of adolescent girls with hirsutism had decreased 3-b HSD activity [14] . Beside this, Meer et al. found the prevalence of 3-b HSD deficiency 12.5% among 32 women with clinical manifestations of hyperandrogenism [15] .
These different results also reflect the different diagnostic criterias used for LO CAH. There is no doubt that the main diagnostic evaluation should be based on molecular studies [16, 17] , but this may limit the uncovering of some cases since molecular studies are neither prevalent nor easy to do. On the other hand, while there is still an enigma about the diagnosis of LO CAH by using hormonal analysis, ACTH stimulation test still consists of the gold standard test for the evaluation of adrenal response and enzyme deficiencies causing LO CAH [18, 19] . So it is possible to use ACTH stimulation test to find out subjects with LO CAH among hirsute women.
Subjects and Methods
In the current study, we evaluated 63 patients with hirsutism to determine the frequency of LO CAH by comparing them with their age and body mass index (BMI) matched 28 healthy control subjects. Those hirsute patients were selected randomly from our outpatient clinic of Department of Endocrinology and Metabolic Diseases.
The study protocol was approved by the Ethical Committee of Ankara University, School of Medicine, and all the women gave their informed consent. Of those 63 women with hirsutism, 43 were diagnosed as PCOS and 20 were diagnosed as IH. Twenty-eight women consisted of our control subjects (CS) and they were all eumenorrheic (intermenstrual interval between 21 and 35 days) and free of signs or symptoms of hyperandrogenemia. Hirsutism was evaluated by the modified Ferriman-Gallwey-Lorenzo index in nine body areas [20] by the same clinician. Only the women with a total score of 8 or more were accepted as hirsute. The diagnosis of PCOS was made by the presence of three or more of the following criteria: oligo/amenorrhea, hyperandrogenemia, hirsutism, the presence of polycystic ovaries on pelvic ultrasound examination, and a serum luteinizing hormone (LH): follicle stimulating hormone (FSH) ratio >2. Oligomenorrhea was defined as menstrual cycles >35 days in length and amenorrhea was defined as absent of menstrual period in more than six months. Without the presence of menstrual disturbances and any other signs or symptoms of hyperandrogenemia except hirsutism in the patient population, the diagnosis of IH was made.
The subjects in the study groups and controls were age and BMI matched. The mean ages and age ranges of women in PCOS, IH and CS groups were as follows: 24.71 ± 3.92 years (17-34), 22.19 ± 3.71 years (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , and 23.18 ± 4.50 years (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , respectively. None of the subjects in any group had received any hormonal medication at least eight weeks before the study. All the subjects were studied in the follicular phase (days 3-8) and in the event that the patient was amenorrheic, on a random day.
Basal blood samples were obtained between 08.00 and 09.00 a.m. The following hormones were measured: LH, FSH, total testosterone (tT), free testosterone (fT), progesterone (P), estradiol (E 2 ), dehydroepiandrosterone sulfate (DHEA-S), cortisol (F), ACTH, prolactin (PRL), 17-hydroxyprogesterone (17-OH P) and 11desoxycortisol (11-DOC). Basal androstenedione (A) and dihydrotestosterone (DHT) levels were also measured in patients with PCOS and IH.
ACTH stimulation test was performed in all subjects by administration of a single i.m. 1 mg synthetic ACTH-(1-24) (Synacthen, Ciba, Basel, Switzerland) in the fasting state in the supine position. Venous blood was withdrawn through an indwelling catheter at 0, 6 and 8 hours for determination of serum 17-OH P, 11-DOC, F and DHEA-S. After testing, the serum was separated and stored at -20°C until assayed. 17-OH P, 11-DOC, tT, fT, P, E 2 , F, PRL, DHEA-S, and A were measured by direct radioimmunoassay, and DHT was measured by ELISA, using available kits.
The intra-assay coefficients of variation (CVs) for the measurement of A were 5.6%, 4.3%, and 2.8% for low, medium, and high levels, respectively. The interassay CVs for A were 9.8%, 6.0%, and 7.0% for low, medium, and high levels, respectively as well. For DHT intra-assay CVs were 11.4%, and 5.9%; interassay CVs were 12.1%, and 7.5%. The intra-assay CVs for the measurement of 17-OH P were 12.3%, 7.8%, and 8.3%; inter-assay CVs were 12.9%, 9.8%, and 12.8%, for low, medium, and high levels, respectively. For 11-DOC intra-assay CVs were 2.1%, 5.9%, and 4.3% and inter-assay CVs were 13.7%, and 11.6%. Intra-assay CVs of cortisol were between 3.2% and 2.2%, and inter-assay CV was 20%. For the measurement of DHEA-S, intra-assay CVs for low, medium, and high levels were as follows: 2.8%, 2.4%, and 1.7%, respectively.
ACTH stimulated 17-OH P levels >13.4 ng/ml were considered as the criteria of 21 OH deficiency. This cut-off was the value for the 95th percentile upper confidence limit of our controls. On the other hand, the diagnosis of 11-b OH deficiency was made if the adrenal 11-DOC response to ACTH stimulation exceeded threefold the 95th percentile of controls [12, 21] . Because of the technical impossibilities, we could not manage to measure 17-hydroxypregnenolone levels. Nevertheless, DHEA-S responses after ACTH stimulation were appreciated for the mild 3-b HSD deficiency. An increase in DHEA-S greater than 2 standard deviation (SD) above the mean of normal controls was taken as a prominent response to ACTH stimulation and accepted as mild 3-b HSD deficiency [7, 22] .
For statistical analyses one way ANOVA was used for the comparison of values in three groups. Comparison of 17-OH P levels in patients with and without 21 OH deficiency, and in healthy controls was made by the same method, and p value of <0.05 was regarded as statistically significant.
Results
Basal hormone levels in three groups are seen at Table 1 .
Hirsutism scores were found to be 11.29 ± 3.96 in PCOS patients and 9.31 ± 5.05 in IH patients; the difference was not significantly different. About 2/3 (64.5%) of the patients with PCOS had oligoamenorrhea. The family history for hirsutism was found in 11/31 (35.5%) of patients in PCOS group and in 9/32 (28.1%) of patients in IH group.
As would be expected LH/FSH ratio was significantly higher in PCOS group compared with IH and CS groups (1.78 ± 1.57 vs 0.78 ± 0.44 and 0.93 ± 0.59; p<0.01 and p<0.01, respectively) ( Table 1 ). There was a parallelism between basal LH, FSH levels and LH/ FSH ratios. Basal LH levels were higher in patients with PCOS than in patients with IH (p<0.05). In contrast, control subjects had significantly higher FSH levels when compared with PCOS and IH subjects (p<0.01 and p<0.01, respectively). Both tT and fT levels were found to be significantly higher in patients with PCOS when compared with IH and CS groups (for both tT and fT, p<0.001 and p<0.001, respectively). Basal E 2, P, PRL and ACTH levels did not differ between groups. However, patients with PCOS had higher basal F and 11-DOC levels than normal controls (p<0.001 and p<0.01, respectively), though no Table 2 shows the mean baseline and stimulated F, 17-OH P, 11-DOC and DHEA-S levels at 0, 6 and 8 hours after ACTH stimulation test in three groups. Peak levels and the percent increment in those parameters are also available at Table 2 .
The mean baseline and stimulated 17-OH P, 11-DOC, and DHEA-S levels in women with PCOS or IH were slightly, but not significantly, higher than control subjects. Furthermore, the peak and the percentage increment in 17-OH P, 11-DOC, and DHEA-S values were found to be similar in all three groups. On the contrary, baseline and stimulated F levels, including peak values, were all found to be significantly higher in PCOS patients when compared with controls. However, no such difference was determined between PCOS and IH groups. Baseline F levels were also significantly higher in IH group when compared with CS, but stimulated F levels at 6 and 8 hours following ACTH stimulation and the peak F levels were not significantly different between IH and CS groups. Furthermore, percent increment in F levels after ACTH stimulation did not differ between groups, either. Fig.  1 and 2 show the comparison of the ACTH stimulated peak levels of DHEA-S, F, 17-OH P, and 11-DOC levels in three groups.
According to our criteria for LO CAH, three patients in PCOS group (6.97%) and three patients in IH group (15%) met the criteria for 21 OH deficiency. Among our 63 patients with hirsutism, the ratio of 21 OH deficiency was thus found to be 9.52%. No subject had ACTH stimulated 17-OH P level >13.4 ng/ml in CS group. Basal and ACTH stimulated 17-OH P Both basal and stimulated levels of 17-OH P were all found to be significantly higher in patients presumed to have 21 OH deficient LO CAH. In addition, peak 17-OH P levels were significantly higher in Using a stringent diagnostic criterion for 11-b OH deficiency, we found no subject presumed to have 11b OH deficiency in any of the groups. Surprisingly, one subject in CS group (3.57%) and two patients among PCOS subjects (4.65%) had DHEA-S response that exceeded the 2 SD of the mean of normal controls, hence they were regarded to have mild 3-b HSD deficiency. That one patient presumed to have 3-b HSD in CS group was evaluated individually and was found to have mild hirsutism with hirsutism score of 6 though she had normal menstrual cycles.
Discussion
Abnormalities of adrenal function are common in women with hirsutism. Hyperandrogenic symptoms such as hirsutism, menstrual disorders and infertility are well known manifestations of CAH due to 21 OH deficiency, 11-b OH deficiency and 3-b HSD deficiency [23] . Therefore, clinical presentation of LO CAH due to these enzyme deficiencies might be indistinguishable from the other clinical pictures of hyperandrogenemia, like PCOS and IH. In addition, sonographic abnormalities of the ovaries may be similar in women with PCOS and women with adrenal enzyme defects [24, 25] . In many patients with PCOS, dexamethasone treatment can reverse symptoms of hyperandrogenism reflects that LO CAH and PCOS are overlapping. From a clinical point of view, these patients are not substantially different from the other hirsute women and women with PCOS or IH could be presumed to have adrenal enzyme deficiency.
Despite the necessity of molecular biology techniques for the exact diagnosis of adrenocortical enzyme deficiencies that causes CAH [16, 17, 26] , ACTH stimulation test can provide useful information about adrenocortical abnormalities due to 21 OH, 11-b OH and somewhat 3-b HSD deficiencies. Recent studies have focused on the subject and ACTH stimulation test has become widely used to determine the prevalence of LO CAH in hirsute women. Unfortunately, there has been no certain criterion establishing the adrenocortical enzyme deficiencies yet. Moreover, the prevalence of LO CAH largely depends on the ethnic composition of the studied population. These reasons can explain the different results in different studies. Speiser et al. found the incidence of late onset 21 OH deficiency 3.7% in Ashkenazy Jews, 1.9% in Hispanics and almost zero in most Caucasian populations [27] . Carmina et al. found the prevalence of 21 OH deficient LO CAH 3.6% and 11-b OH deficient LO CAH 0.6% of 692 hirsute women in the Mediterranean population [28] . Conflicting results for the prevalence of 3-b HSD deficient LO CAH in women with hirsutism are also present, as well [13] [14] [15] .
In the current study, we tried to investigate the possible role of adrenal gland in PCOS and IH. Beside this, we measured ACTH stimulated 17-OH P, 11-DOC, and DHEA-S levels so as to find out the prevalence of 21 OH, 11-b OH and 3-b HSD deficiencies in our patients with clinically known PCOS or IH. Using a diagnostic criterion of 17-OH P >13.4 ng/ml following ACTH administration (which is over the 95th percentile upper confidence limit of our controls), in our study, six out of 63 patients with hirsutism presented ACTH stimulated 17-OH P level over this value. This represents a 9.52% prevalence of late onset 21 OH deficient CAH. Of these six patients, three of them were in PCOS group (with 6.97% prevalence) and three of them were in IH group (with 15% prevalence). In contrast with the previous studies held in the same geographic area, we found no case with 11-b OH deficiency. The prevalence of late onset 11-b OH deficiency was reported to be 6.5% among hirsute patients and 8.4% among patients with PCOS in Central Anatolia and in those studies no case presumed to have 21 OH deficiency was found [12, 29] . Our results are just the opposite of the Kayseri group. They thought that the prevalence of LO CAH due to 11-b OH deficiency among Turkish women with PCOS and IH is relatively high, but it is hard to insist on that finding on the basis of our results. It is already a well known matter that 21 OH deficiency is the most frequent form of all CAHs [27, 28, [30] [31] [32] [33] . In addition, Azziz et al. reported that exaggerated 11-DOC response to adrenal stimulation (which is taken as diagnostic criterion for 11-b OH deficiency) are not always suggestive of the 11-b OH deficiency [11] , because of a positive correlation between the basal and stimulated levels of F and 11-DOC. Other investigators also have observed an exaggerated F response to adrenal stimulation in hyperandrogenism, in combination with an exaggerated 17-OH P [34] , 17-hydroxypregnenolone [35] , and dehydroepiandrosterone response [36] , hence hyperandrogenic patients with higher basal and poststimulation 11-DOC levels may also demonstrate higher basal and stimulated F levels. Similarly, in the study of the Kayseri group, the basal F level of the women with hirsutism was found to be significantly higher than the control subjects, but they did not determine the stimulated F levels after ACTH administration [12, 29] . We also demonstrated that basal and ACTH stimulated F levels were significantly higher in women with hirsutism when compared with normal controls. Although we have found no subject with exaggerated 11-DOC response, the only higher basal and stimulated F levels in our study groups may be the result of adrenal hyperactivity in these patients. Besides, higher levels of ACTH concomitant with those of cortisol might be the result of the abnormality in pituitary-adrenal axis or in glucocorticoid feedback system in some of our patients. ACTH is a specific stimulus for adrenal hormonal secretion, including androgens. Some investigators suggest that the adrenal androgen excess and the exaggerated secretion of steroidogenic precursors result from a generalized hyperresponsiveness of the adrenal cortex to ACTH [11, 12, 29] . Previous reports also suggest that enhanced peripheral metabolism of cortisol results in decreased negative feedback suppression of ACTH secretion, either by enhanced inactivation of cortisol by 5-a reductase [37] or impaired reactivation of cortisol by 11-b hydroxysteroid dehydrogenase type 1 [38] . All these possibilities could play a role in our results. On this occasion, we think our results reflect the real prevalence of LO CAH in hirsute women in Central Anatolia. In our opinion, the real mechanism for hyperandrogenemia, at least in some of the hirsute women, depends on the adrenocortical hyperactivity. 21 OH deficient LO CAH may also be a reasonable factor in hirsutism. So, it is important to recognize 21 OH deficient LO CAH in women with PCOS because low dose steroid therapy may improve fertility, menstrual rhythm and hirsutism in those patients [19, 39] .
Exaggerated DHEA-S response (which exceeded 2 SD of the mean of the control subjects) with normal or minimally high 17-OH P rise after ACTH stimulation plus normal or high basal A levels and normal or low basal 11-DOC levels were taken in favour of mild 3-b HSD deficiency in our study. In PCOS group, two patients showed exaggerated DHEA-S response to ACTH stimulation. So two (4.65%) out of 43 patients with PCOS were presumed to have mild 3-b HSD deficiency. Interestingly, one of our control subjects fullfilled the same criterion but it is questionable whether she has 3-b HSD deficiency or not, because we did not measure the basal A levels of our controls. On the other hand, when we examined that patient individually, we realized that her hirsutism score was 6 and maybe she will be hirsute in the near future.
In conclusion, the present study shows that LO CAH is not a rare disorder among hirsute women whether they have PCOS or IH. The most frequent form of LO CAH seems to be due to 21 OH deficiency in Central Anatolia. It must be considered whenever such patients are encountered since it is a well known CAH type for which steroid therapy is effective. Mild 3-b HSD deficiency may also be an underlying cause for hirsutism and it may be present without any clinical manifestation. But according to our data, it is doubtless that adrenal hyperactivity is the main reason of hyperandregenemia in women with hirsutism. To determine the relationship between adrenocortical enzyme deficiencies and hyperandrogenemic states, molecular biology techniques and hormonal analysis must be used together and investigations on large women population with PCOS or IH are needed to establish the unquestionable diagnostic criterion with hormonal determinations.
